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Oscar S. Field, Rochester, N. Y., assignor to Genre 
eral Railway Signal Company, 
N. Y. 

Rochester, 

Application March 30, 1938, Serial No. 198,928 
18 Claims, 

This invention relates in general to electric 
notors, and has more particular reference to a 
self-starting, reversible, electric motor of the 
direct current4onstant speed type. 
The notor constituting the subject matter of 

this invention can be employed in various ca 
pacities, but is particularly adapted for use with 
a time element relay wherein its constant speed 
characteristics are obviously of great advantage. 

In general, and before particularly describing 
the motor, it can be stated that it comprises a 
rotor which, preferably, is permanently mag 
netized, and a stator energized by direct cur 
rent and So controlled by contacts as to produce 
a rotating field which produces a drive on the 
rotor. 
The Constant speed characteristics are ob 

tained by means of a centrifugal governor which 
varies its position in accordance with speed to 
operate the contacts in varying manners, where 
by to decrease the drive torque as the speed in 
Creases, and vice versa. 

In one form of governing means, which has 
proven very satisfactory in practice, a can, 
which is carried by the rotor shaft, and Oper 
ates the contacts which control the rotating field 
of the stator, is axially slidable along the shaft, 
in accordance with speed, to thereby control the 
field with respect to the rotor, to decrease the 
drive torque as the speed increases. 

In a second form of governor, the cam is pinned 
to the shaft to prevent it from sliding along, or 
rotating around, the shaft, but to permit it to 
rock on the pin which fastens it to the shaft, 
to thereby vary the inclination of the cam to the 
rotor shaft, to thus vary the contact operation, 
and hence the drive torque on the rotor. 

In a third form of governing means, the cam 
which Operates the contacts for governing the 
rotating field of the stator, is restrained from 
sliding lengthwise on the shaft, and from tilt 
ing to vary its angle of inclination with respect to 
the shaft, but is rotatable about the shaft in ac 
cordance with speed, to thereby vary the phase 
relationship between the stator field and the rotor 
field, whereby to decrease the drive torque as the 
Speed increases, to thereby produce a governing 
effect. 

Furthermore, the motor is so constructed as 
to be self-starting and reversible, and still re 
tain the same speed and governing character 
istics, regardless of the direction of rotation of 
the motor. 
A further object of this invention is to produce 

a light, compact motor of simple and rugged 

(C. 171-222) 
construction which can be cheaply manufac 
tured and still will be very dependable and dur 
able in operation. '', 

Further objects, purposes and characteristic 
features of the invention will appear as the 
description progresses, reference being made to 
the accompanying drawings, showing, solely by 
Way of example, in a diagrammatic form, and 
in no manner whatsoever in a limiting sense, the 
Several forms of invention as referred to above. 
In the drawings 

Fig. 1 is a sectional view of one form of the 
notor of this invention, taken on line - of 
Fig. 2, viewed in the direction of the arrows. 

Fig. 2 is a sectional view on line 2-2 of Fig. 
l, viewed in the direction of the arrows. 

Fig. 3 is a sectional view on line 3-3 of Fig. 
2, viewed in the direction of the arrows, 

Fig. 4 is a sectional line view, with parts re 
noved, and parts shown in elevation, of the slid 
ing form of cam governor. 

Fig. 5 is an end view of Fig. 4, viewed in the 
direction of the arrow of Fig. 4, and with parts 
removed. 

Fig. 6 is a plan view, with parts removed, and 
with parts broken away, of the tilting form of 
Can governor. 

Fig. 7 is a plan view of Fig. 6, viewed in the 
direction of the arrow of Fig. 6. 

Fig. 8 is a plan view, with parts removed, and 
With parts shown in Section and broken away, 
of the rotating type of cam governor. 

Fig. 9 is a sectional plan view, on line 9-9 of 
Fig. 8, viewed in the direction of the arrows. 

Fig. 10 is a schematic view of the motor, with 
contact spacing so chosen as to facilitate ex 
planation of the principle of operation of the 
motor. 

Fig. 11 is a diagrammatic representation of 
the individual fields produced in the stator of 
the motor of Fig. 10. 

Fig. 12 is a diagrammatic representation of 
the directions of the resulting fields of Fig. 11. 

Fig. 13 is a diagrammatic representation of 
the individual stator fields as the motor starts 
up from standstill, and picks up speed, in the 
absence of any governing means. 

Fig. 14 is a fragmentary schematic view of the 
motor, with the contact spacing chosen to be 
that employed in one case in actual practice. 

Fig. 15 is a diagrammatic representation of the 
individual fields produced in the stator of the 
motor of Fig. 14. 

Fig. 16 is a diagrammatic representation of 
the directions of the resulting fields of Fig. 15. 
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Fig. 17 is a diagrammatic representation of 

the directions of the resultant fields of Fig. 15, 
with respect to their relations to the rotor field, 
at standstill, and under operating conditions. 

Fig. 18 is a diagrammatic representation of the 
governing can, and of its various changed posi 
tions under influence of the various different 
governing means employed. 

Figs. 19 and 20 are diagrammatic representa 
tions of the effect of the governing action of the 
rotatable cam, on the motor fields. 

Fig. 21 is a diagrammatic representation of 
the effect of the governing action of the tilting 
Cam, On the motor fields. 

Fig. 22 is a diagrammatic representation of 
the effect of the governing action of the sliding 
Cam, on the motor fields. 

Referring now to the drawings, and first to 
Fig. 2, the motor is enclosed in a casing formed 
of insulating material Such as Bakelite or other 
Suitable material, and preferably is molded to 
the desired shape. It comprises a body portion 
3, of general cylindrical shape, with a cap por 
tion 4, and an intermediate portion 5, all fitting 
together, as shown at 6, to constitute a tight 
enclosure, the portions 3 and 5 being held to 
gether by long bolts , or the like, which are 
shown as two in number, the cap portion 4 
being held in place by a press fit, or in any other 
usual or desired manner. 
Carried in the casing members 3 and 5, are 

bearings 8 and 9, of bronze or any other usual 
or desirable other material, and are molded into 
place, or pressed therein, as desired. Carried by 
the bearings, is a shaft fo, having one end 
projecting beyond the bearing for receiving a 
gear or the like (not shown), for meshing with 
reduction gearing or similar means to be con 
tained in the metal housing 2, suitably pressed, 
or otherwise held in place, as shown in Fig. 2. 
Carried on shaft fo, is a rotor 3, which is in 

the form of a relatively thin disc, of hard mag 
netic steel, fixed to the shaft by means of a spacer 
4, and resting against a shoulder 5 formed 
where the shaft is turned down to a circular 
Cross-section from a square cross-section, as 
shown most plainly in Fig. 4. The rotor is pref 
erably permanently magnetized in a given direc 
tion, but could be electro-magnetically magne 
tized, if desired. 
The stator, with which the rotor 3 cooperates, 

comprises a core structure including a continu 
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Ous ring-like portion 8, receivable on an in 
wardly projecting boss , on the casing part 5, 
with four upwardly extending, spaced, parallel 
Core legs 8, 9, 20 and 23, terminating in pole 
shoes closely adjacent the rotor, and enclosing 
the Same. The cores 8-2 G are spaced from 
each other by 90°, and on each core is a Winding 
22, 23, 24 and 25, arranged when energized to 
make the pole shoe of its core the same as each of 
the other cores, either a north pole or a south 
poie. 
Upon the outer face of the cesing portion , are 

two projecting bosses 2G and 2', to which are 
respectively fixed two sixed contact carrying 
aenbers 23 and 29, by nearns of rivets or the 
like, 30, which extend tin rough the cosses and 
firmly attach the corat&ct carrying members O 
the casing portion 5. Carried by the contact, 
carrying memoer 23, which is made of conduct 

'S 

ing material such as copper, are two fixed b2ck 
contact, Singer's 36 and 32, of suitable materia. 
Sach as oarsfilian copper, having contacts such 
as 33, or silver C. She ice. EC 2, like &R Enes, 

- having contacts such as 36. 

2,206,667 
member 29 carries two contact fingers 4 and 5, 

These contact fin 
gers, such as 3, etc., are furnished with rigid 
stop members 37, as shown best in Fig. 2, to 
definitely limit the movement of the finger in One 
direction. 
Cooperating with the fixed back and front con 

tacts, just referred to, are two movable contacts, 
as 38, carried on movable contactfingers and 
2 fastened, as with rivets 4, to bosses on the 
Casing member 5. At the end of each novable 
contact finger, and beyond its contact point, as, 
for example, the finger (Fig. 2), is riveted, or 
otherwise attached, a pusher member 42, which 
extends inwardly toward the other end of the 
motor and parallel to the shaft 0. These 
pushers, as can be seen best in Fig. 1, are posi 
tioned at 90 from each other around the shaft 
f0, and the movable contact fingers are of spring 
material and have a bias inwardly to cause the 
pushers to press against the flat face 43, of a cam, 
member 44. This member is, in the form of in 
vention shown in Figs. 1-5, slidable upon the 
Squared shaft 0, and hence, unless otherwise 
restrained, would be slid inwardly toward the 
end of the shaft. by the force of the bias of the 
two movable contact fingers pressing their push 
ers against the cam face 43. 

Pivoted to the 'shaft 0, by means of pin 45, is 
a centrifugal governor 46 in the form of a disc 
like weight (best seen in Figs. 4 and 5), which 
governor 46, under the influence of centrifugal 
force, as the shaft 0 turns, tends to move out 
Wardly about its pin 45 as a pivot, to place itself 
at right angles to the shaft. As viewed in Fig. 4, 
the governor 46 tends to rotate away from the 
shaft in a counter clockwise direction. Fas 
tened to the shaft is a bracket 4 which can be 
riveted or welded or otherwise fastened to the 
shaft, as at 48, with one end of the bracket bent 
Over on itself, as at 49, and tapped to receive an 

O 

5 

adjusting screw 50 which receives one end of a 
biasing spring 5. The other end of this spring 
is received in a socket 52, near the edge of the 
governor 46, whereby to bias governor 46 in 
Wardly against shaft fo, in the position shown in 
Fig. 4, and hold it there until the speed is suff 
cient to cause it to throw out. 

By means of this adjusting screw, the tension 
On the spring 5 can be adjusted, and thus vary 
the speed at which the governor begins to Operate 
and thus fix the constant speed of the motor for 
this particular adjustment. Thus the constant 
speed motor can be adjusted to operate at vari 
ous fixed speeds, as will be more clearly appar 
ent as the description progresses. 
Sockets 53, are formed in diametrically oppo 

site parts of the inner face of cam 4, to respec 
tively receive the bifurcated ends 54 and 55, of a 
rigid holding member 56, having a bent end 57 
received in a socket 58 in the centrifugal governor 
66, the holding member 56 passing through an 
elongated aperture (372, in the broad end 471, of 
Inernber 32, to thereby guide it 2nd aid in main 
taining the member 56 in position. 
From the above it can be seen that under the 

60 

65 

influence of Speed of rotation of shaft AC, spring 
58, which has a normal trapped tension, is over 
COEne by governor (36, and as the governor throWs 
out from shaft G, the bifurcated strut 56 is al 
lowed to move toward the gear end of the shaft, 
and permit cam {34 to side along the shaft under 
the i.filence of the pushers (22, to move toward 
Eine gear end of the shaft, 6 () and away from the 
two axed front points exact the two fixed cack 
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points. In this manner, a governing effect on 
the motor is produced, as will be explained below 
more fully. 

Referring now to Figs, 6 and 7, there is here 
illustrated a different form of governor wherein 
the cam 59, which operates the movable contacts, 
is formed of any suitable material, such as stain 
less Steel, or the like. It is pinned to the shaft, 
as at 60, So as to permit it to tilt, and thus vary 
its inclination with respect to the shaft, under 
the influence of a centrifugal governor f, formed 
of bronze or the like, and pinned to the shaft as 
at 62, in a manner to permit it to throw out away 
from the shaft under the influence of centrifugal 
force, 
A biasing spring 3 is employed to normally 

position the can as shown in Fig. 6, with the 
governor 6 pressed against the shaft by way of 
a connecting link 64, connected to the governor 
at 65, and to the cam at 66, and slidable in a 
slot in an adjustable holding means , slidable 
on the shaft to adjust the tension of the spring 
(for purposes as described above, and which will 
be more clear as the description progresses) and 
fixable in adjusted position by a set screw or the 
like, 68. Spring 3 sets at One end in a socket 
in the member 67, and at the other end in a 
Socket in the can 59. 

In the form of governor as just described, that 
is in the tilting form, upon the speed of shaft 
to reaching a value where the centrifugal force is 
Sufficient to overcome the trapped tension in 
spring 63, governor if turns on its pin 2, in a 
clockwise direction as viewed in Fig. 6, to move 
link 64 in the direction of the shaft 0, to tilt 
the cam 59 and progressively change the angle 
between the face of the cam and the center line 
of the shaft 0, to approach, as a limit, a posi 
tion wherein the cam face is at, or close to, a 
right angle to the shaft. As will be explained 
below, this operates to govern the speed of the 
motor by progressively decreasing the periods of 
time during which contacts are closed, and pro 
gressively increasing the periods of time during 
which the contacts are open and the movable 
contacts are moving through the space between 
the front and back contacts. 

Referring now to Figs. 8 and 9, there is here 
illustrated a third form of governor, wherein the 
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contact controlling cam is rotated about the shaft 
under the influence of centrifugal force. 

In this form, the shaft has a squared portion 
69, with a reduced cylindrical portion 70, and a 
reduced squared portion 7, formed from the por 
tion 7 O by squaring it. Here again a centrifugal 
governor 72, formed of suitable material, such as 
brass or bronze, is pinned to the shaft at so as 
to throw out from the shaft, about its pin 73, 
under the influence of centrifugal force. The 
governor is resiliently restrained from moving 
away from the shaft by a spring , having one 
end received on a pin 75 in the governor T2, and 
its other end received in a socket in an adjustable 
abutment memher 7, slidable on the shaft and 
fixable in adjusted position by a set screw or the 
like, 77, whereby to adjust the initial tension of 
Spring 74, for purposes as described above, and 
which will appear more clear as the description 
progreSSes. 
A governing cam , formed of stainless steel 

or other Suitable material, is received on the 
round part 70 of the shaft and bears against the 
shoulder 79 between the square portion B9, and 
the round portion 70 of the shaft, the can being 

3 
biased against the shoulder by the pressures of 
the movable contact pushers, as 42. 
Carried on the reduced squared portion f of 

the shaft, is a flat thin plate 80, having a 
squared opening therein of dimensions slightly 
greater than the squared portion f of the shaft, 
whereby the plate can rock on the shaft, but is 
restrained from turning relatively thereto. An 
operating arm 8, has one end receivable in a 
Socket 82 in the rear face of cam 78, with the 
other end received on the pin 73 which pivots 
the governor to the shaft. Inwardly of the pin 
73, the arm 8 f is connected to the governor T2 by 
means of a pin 3, whereby, upon the governor 
throwing out, away from the shaft, and against 

O 

5 
the tension of its spring 74, pin 83 will swing arm . 
8 about pin 3 as a pivot, to swing the outer 
end of arm 8 in an arc, and rotate can 78 on 
the rotor shaft, to thereby change the relation 
ship of the rotating field of the stator, with re 
Spect to the field of the rotor, and thereby change 
the drive torque and hence produce a governing 
effect, all as will appear more clear as the de 
Scription progresses. 

It can be seen from a consideration of the de 
Scription just preceding, that regardless of the 
direction of rotation of the rotor shaft, the direc 
tion of rotation of the contact operating cam 78 
will always be in the same direction. Hence, 
during governing operations with the motor run 
ning in One direction the governing movement of 
the cam will be in the same direction and hence 
be added thereto, while with the motor run 
ning in the other direction, the governing move 
ment of the can will be against the movement of 
the motor and will be subtracted therefrom. 
This difference in movement of the cam with re 
Spect to the pushers carried by the movable con 
tacts would result in a difference in friction be 
tween the pushers and the Cam, when the motor 
is running in different directions and hence 
would cause a difference in the governing action 
since the increased friction with one direction of 
motor operation would introduce an added load 
On the motor so that with other conditions fixed, 
the same constant speed would not be realized 
in a reversible motor. This defect in this type 
of governor, is overcome by means of the plate 
80, which, it can be seen, is tiltable so as to al 
ways lie parallel with, and flat against, cam 7 
and still not rotate relatively to the shaft, where 
by to produce the same amount of friction be 
tween its outer face and the movable contact 
pushers, regardless of the direction of rotation 
of the motor. The friction between plate 89 and 
the can 78, during governing movements of the 
cam, is, of course, the same in amount regardless 
of the direction of rotation of the motor, and 
hence the total friction is the same regardless 
of the direction of rotation of the motor, and ac 
cordingly the governing action is the same re 
gardless of direction of motor Operation. 
For obtaining an understanding of the prin 

ciples of operation of this motor, and of the 
various governing means employed, reference 
should be made to Figs. 10-22 of the drawings, 
and to the following explanation. 
Referring first to Fig. 10, there is here repre 

sented, in a wholly schematic manner, a motor 
constructed in accordance with the above de 
scription. The four pole shoes f3-2, with their 
respective windings 22-25, are shown, together 
with the rotor disc 3, having its permanent mag 
netic field represented as in a given direction by 
the longer arrow, it being understood that the is 
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rotor could be electro-magnetically polarized if 
desired. 
There is also represented here the contact ar 

rangement, whereby movable contact fingers 

0 

20 

O) 
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and 2, cooperate with front contact fingers 34 
and 35, and back contact fingers 3 and 32 re 
spectively, all as described above. In this Fig. 
10 is represented the cam 44 in its developed 
form, with contact face 43, and the shaft O, 
represented by a dotted line 84, as being con 
nected to the rotor and carrying the cam 44. 
In order to protect the contact points from 

pitting and burning, and possibly Sticking, re 
sistances 85 and 86 are employed, and as shown, 
are bridged across movable contact finger and 
cooperating back contact finger 3, and movable 
contact finger 2, and back contact finger 32, re 
spectively. With this arrangement, it can be 
seen that each resistance is directly across one 
of the coils controlled by the movable contact in 
question, and is across the other coil SO con 
trolled, in series with the battery, which, in the 
figure in question, is represented merely by (--) 
and (-). More specifically, considering resist 
ance 85, which is bridged across movable contact 
finger and back contact finger 3, it can be 
seen that, the voltage induced by the decay of 
flux produced by winding 23, can send current 
through the resistance 85 instead of across the 
contact fingers and 34. Likewise, the induced 
voltage due to winding 25 being opened, can send 
current through the battery and the resistance 
85 in series, instead of across contact fingers 
and 3. 

It is assumed in Fig. 10 that the rotor is turn 
ing clockwise, and that the developed cam 4 is 
moving from right to left and constantly in con 
tact with the pushers 42, whereby to open and 
close each movable contact first on One of its 
fixed contacts, and then on the other, during 
a complete rotation of the shaft C), which can be 
represented by the 360° of travel of the cam 
extending from 0 to 360°, as shown in the figure. 
With the parts as shown in Fig. 10, contact 

(--) (that is, movable contact is closed on 
the fixed contact 3 which is connected to posi 
tive battery), is made up with its maximum pres 
sure, while movable contact 2 is midway between 
its front and back points and is moving toward 
making up (2-). 
the purpose of simplifying the explanation of 
the principles of operation of the motor, the 
spacing of the contacts, and the slope of the 
cam, have been SC chosen as to require a can 
travel during the period when a movable cone 
tact is open, equal to the can travel du ring each. 
closed period of a movable contact. This pro 
duces, for each movable contact, a closure Or its 
front point, then an open period, the 2, clos Re 
on its back point, and then an open period, each 
of 90 can travel duration, with each Enovatoie 
contact opening at the same instalt the other 
One ciOSes, and Vice Versa. 

In Fig. 11 there has been represented the two 
fields, one produces) toy the operatios of e2ch 
Emovable contact, Euaring a complete 20%ation of 
the shaft 0. In this figure there is shown a 
series of flat topped curves, merely for the pulso 
pose of a, theorgical consideration of the opera 
tion, since such curves would Yot occu) is prac 
tice, unless the rate of Eino Vegaert of the C&I 
were infinitesimal, or the fix could build up to 
saturation point in an infiniteSinai period of 
time, or tooth. 

in Ge convexation (e:Cloyed in Fig. 3 GC-c. 

In this schematic figure, for 
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curve represented by a solid line and above the 
base line, represents a field vertically upward, 
While the solid line representation below the base 
line represents a field vertically downward; each 
dotted line curve above the base line represent 
ing a fleld to the right, and the dotted line rep 
resentation below the base line representing a 
field to the left. For facility in understanding 
of the following explanation, arrows have been 
attached to the curves, to indicate the directions 
of fields represented by these curves. 

Considering Figs. 10 and 11, it can be seen 
that with contact closed on (--), which will 
hereinafter be referred to as (1-), winding 23 
is shunted out, and winding 25 produces a field 
vertically upward. As the cam moves to the left 
until the point a has reached the zero position; 
that is, after a cam movement of 45°, contact 
opens, and contact 2 closes as (2-), to shunt 

out winding 24 and thereby produce a field to 
the right. The next 90 cam movement results 
in moving contact through the open space be 
tween its fixed contacts, and first building con 
tact pressure (2-), to a maximum and then de 
creasing it to a minimum. 
The cam has now advanced to the point c and 

at this point contact 2 opens while contact 
closes On (1-), to shunt out winding 25 and 
cause winding 23 to produce a field vertically 
downward. After a further can movement of 
90', contact 2 closes on (2--), and contact 

O 
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opens whereby to produce a field to the left. The 
next 90 of movement brings the cam around to 
the point g, and the starting condition, (not 
position) which is with a field vertically up 
ward, due to contact 2 having just opened and 
contact having just closed on (1-). This con 
dition continues for 90 of travel to the point a. 
Considering now what actually occurs during 

a rotation, of the cam, upon the closure of a 
contact to shunt out one of the two bucking 
windings, and permit the other winding to be 
effective in producing a field, the flux builds up 
at a rate dependent upon the inductance of the 
circuit, and during this time the cam is travel 
ing from the position where the contact was 
closed, toward the next contact control position. 
If the speed of the cam and the inductance of 
the circuits, are Such that the field does not 
reach a saturation point before its contact is 
opened, the flat topped curves as represented in 
Fig. will become peaked curves, with the peak 
occurring at the point of can travel where the 
shunting contact opens, it, being obvious that 
at the point where the contact openS is neces 
sarily the peak of the curve. 
The rotor, on starting from standstill, first 

moves slowly, and then rapidly gains speed and 
3S it does so the time required for the can to 
cover a given distance, such as a travel of 90°, 
progressively decreages and as a result the peaks 
of the resulting felics kecoI he lower and lower, 

LaG CCCLI at Eage S2. Ae goint, 28, rely, at the 
opening of 2, 30.68c, to thereby give curves of 
the characes gaOW in Fig. 3 &nd labeled 
“Spsed. 3,' 'S2Gd 2.' It is clear Ene, he higher 
the Sp33d, &he 207e). Willi Eecone the correspondi 
ing c. Eve, ti, is here were no governing 
Eneas, 2, Speed Wotic, a 2 is nately reached at 
which the digiraglishing torque, due to tie 
dininishing s&rength of Seld, is just sufficient to 
overcoE.2e wins)&ever iOSc ray foe or the notC.' 
(at least, is ow. Sectio(a), a3, which Speed the 
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Speed will stay Constant So long as conditions re 
main constant. 
From the above considerations it can be seen 

that an increase of voltage would raise the peaks 
s of the fields, and increase the torque and thus 

cause an increase in speed, while a decrease of 
voltage would have the reverse effect and decrease 
the speed. Also a decrease in load would increase 
the speed, and vice versa. - - 

10. It should be understood that the vertical dotted 
lines and solid lines should be directly on top of 
each other, as for example, at the point a, but 
are shown slightly separated merely for the pur 
pose of clearness in discussing the diagram. The 
Small letters CO occurring at four places in Fig. 
11, represent the points, such as a, c, etc., where 
a contact opens, and accordingly, where a peak 
Occurs in the peaked curves, and where a flat 
topped curve drops toward the base line. 

O Referring now to Fig. 12, there is here repre 
Sented, by means of relatively short arrows, the 
direction of the resultant field in the stator at 
various points throughout the travel of the shaft 
through 360°. It can be seen in this figure, that 

25 when the cam has moved to position its point a 
under the 0 point, the field is vertically upward; 
90° further travel produces a field to the right; 90° 
further travel produces a field vertically down 
Ward, etc. From this it can be seen that the 

30 stator field is a field of substantially uniform 
strength, and, in the case of the peaked curves, 
rotates, in the particular example taken, in a 
clockwise direction, and at a uniform rate of Speed. 

85 Considering now the arrows under the point a, 
in Fig. 12, the field at this point, when there is a 
peaked curve of field flux, is 90° behind the field 
which just came into existence at this point with 
a theoretical flat topped curve, such field being 

O represented by a dotted arrow under the point a. 
If the inductance of the circuits should be so 
Small that after the closing of a contact, the flux 
value could reach a maximum before the con 
tact opened, there would result a flat topped 

is curve which would have a shorter and shorter 
flat portion as the speed of the rotor increased, 
until it would become peaked at the point where 
the contact opens. In this case the stator field, 
as the speed increased, would move backward 

0 toward the rotor field, to close up whatever angle 
existed between the two and would so continue 
to close up, until the curve of field flux becomes peaked. 
In Fig. 13 is represented a series of curves 

SS showing broadly what very likely occurs as the 
motor starts from rest and picks up speed, it 
being noted that the peaks of the curves become 
lower and lower as the speed increases, since 
there is less and less time for the flux to build 

60 up, since the contacts are closed for a shorter 
and shorter time. Finally, it can be seen, the 
peaks are so low that the drive torque is just 
sufficient to carry whatever load is on the motor, 
and at this point the speed neither increases nor 

G5 decreases so long as conditions remain constant. 
It should be understood that the curves in Fig. 

13 are merely diagrammatic, and that in practice 
there would be a constant change from one point 
to another, and the curves would not change 

0 abruptly from cycle to cycle, as represented in 
Fig. 13. W 
With the chosen spacing of contacts, and the 

slope of cam, as just discussed in connection with 
Fig. 10, etc., it can be seen that at the point where 

5 contact opens, contact 2 closes, and if contact 

should chance to open before contact 2 closes 
and the motor should stop at this point, it would 
not then be self-starting since no field would exist 
in the stator. This could be remedied by causing 
each contact to make before the other contact 
breaks, and also could be remedied by varying 
the contact spacing so that one contact will close 
Some time before the other contact opened so 
as to have overlapping fields. Also, in the ar 
rangement as in Fig. 10, the angle between the 
rotor field and the stator field is but 45° and this 
is in the most desirable angle of lead for maxi 
mum torque, and a larger spread would not be 
desirable, all as explained below, in considerable 
detail. - 

Considering now Figs. 14 and 15, there is here 
shown a different spacing of front and back con 
tacts, whereby the closed contact periods are 
greater and the Open contact periods are lesser, 
than in the case first considered. More specif 
cally, with the arrangement as in Fig. 14, the 
angle of cam travel while a movable contact is 
moving from breaking one contact to making the 
other, is 45, instead of 90 as in the previous case, 
and the closed period for each contact is 135°, 
instead of the previous 90°. 
In the same manner as explained above, as the 

shaft rotates, and the campasses under the mov 
able contacts, these contacts open and close to 
produce fields as represented in Fig. 15. From 
this representation it can be seen that there is 
now an Overlap of 45 of succeeding contact clo 
Sures. For example, the field, or condition, rep 
resented by solid lines above the base line, con 
tinues for 45 after the field represented by dotted 
lines above the base line, has been initiated, the 
flat topped curves being considered here, since 
with the flat topped curves, each curve is co 
extensive with the period of contact closure. 

It is to be noted in Fig. 15, that the theoretical 
flat topped curves are shown as in the previous 
case, and then the curves which very likely would 
actually occur are represented together with other 
Curves labeled "speed 1,' 'speed 2.' In the same 
manner as explained above, a rotating field is 
produced in the stator which decreases in strength 
as the speed increases, and this continues in the 
absence of a governor until the drive torque is 
just sufficient to carry the load, at which point 
the speed stays constant. 
In representing the stator fields by smooth 

curves, in Fig. 15, it has been assumed that the 
field collapses at a somewhat faster rate than 
it builds up, it being seen that from a peak at 
the point i, the field becomes zero in a travel of 
what can be conveniently referred to as 7 squares, 
while it builds up to a peak in the other direc 
tion, under the point m, over a travel of 9 Squares, 
thus causing a half-cycle to occur every 180", as 
should be. 

Referring now to Fig. 16, there is here repre 
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sented, by means of short arrows, the direction of 
the stator resultant field at various points 
throughout as complete rotation of the motor 
shaft. From this it can be seen that with a field 
vertically upward at the point midway between 
a and i, the field has rotated 90° at the point mid 
way between c and k and thus a field of substan 
tially uniform intensity for any one speed of the 
motor, and rotating at a uniform rate, has been produced. 

It can also be noted, from a consideration of 
the full line and dotted arrows at the point h, 
that there is a shift of the stator field in a direc 
tion backward toward the rotor, if the Wave form 
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should so change from a square top to a peak 
curve, of 135. 
At this point it might be well to consider the 

requirements for a motor which is to be self 
starter equally well in either direction. It is 
clear, for equally good starting in either direc 
tion and for the motor to have the same speed 
characteristics in either direction, that at stand 
still the rotor field should be spaced 90° from the 
stator field. This is represented diagrammate 
ically in Fig. 17 by the short arrow under the 
point b representing the stator field at this posi 
tion of the can and the long arrow under the 
Same point b/representing the Rotor field at the 
same position of the can. Thus, at standstill 
the stator field should have a lead of 90' from 
the rotor field in order to give self-starting char 
acteristics as referred to just above. 

Considering now what occurs as the motor 
starts from rest, it will be seen that the field ex 
isting at any one instant during the time it is 
in operation, is a field which is the resultant of 
One field which is building up and another field 
in a different direction which is decaying. Fur 
thermore, at standstill here is no field which is 

field has totaly co 
lapsed. Accordingly, until the Ehoto has turned 
a Sufficient distance to change froin the contact 
condition existing at standstill, to a different 
contact condition, there will be a stator field 
which, while it may change in strength, will be 
fixed in direction. Thus, he rotation of the rotor 
will cause the rotor field to catch up with the 
stator field to some extent. As soon as the rotor 
has moved from standstill, a sufficient distance to 
cause a change in contact conditions, the indic 
tance of the circuits involved 3re such that even 
at the low speed of the rotor 8, starting, the rotor 
will be advancing, within a very short distance of 
travel, possibly half a revolution, at the same cate 
as the stator field is advancing, and hence will 
retain a lag with respect, to the stator field. Withick 
is constant in amount as the speed picts up. 
This may be somewhat more clearly inderstood 

from a consideration of Fig. ... I can be seen, 
under the point to, that the stator field has lead 
of 90° over the rotor field. It is oovous that on 
reversing the leads to the 200tor, the poexity of 
the stator field will be reversed, or shifted 180°, 
so that the motor will start equally well in either 
direction, from standist. 

Considering clockwise rotation, however, and 
referring to Fig. 1, it can be seen as he roos 
ca: advance, in the particular case chosex, 
through an angle of 22%, to the point, , loafore 
there is a change in contact, condition such as 
will cause the stator field to star, rotating. If the 
speed were slow enough, the stator facid could 
shift from its horizontai direction to the right, a 
natter of 45' downwardiy, as shown under by 
the short dotted line arrow, While the rotor had 
moved Substantially no distance at all. I knis 
condition could exist, the statoriei, after having 
shifted, would stay in this dotted line direction, 
under the point i, while the goto noved 45° from 
its direction as shown urder i, to thereby each 
the position showra under Fe, where it; vi); cenoted 
the lead has been closed up to an aragle of 3A 
again, at which point, the stato field viii stair, 
shifting to the position of the dotted line arroy 
under c. 
From these considerations it can e noted that 

within a very short time from standstill, the rotos 
has attained such a speed with respect to the iro 
ductance of the circuits involved, ES; the Xoto 
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advances at substantially the same speed as the 
movement of the stator field and accordingly, 
the lead, in this particular case, about 67%, Oe 
tween the two fields, is maintained. Of course, 
as the rotor speeds up there is less time for the 
fluxes to build up in the stator, and while the 
field retains a lead of 67% and rotates with the 
rotor, the peaks of the waves become lower and 
lower to thereby produce a progressively weaker 
field and decrease the drive as explained above, 
this being on the assumption that there is no 
governor involved. 
This lead of 67% is variable, of course, as the 

construction varies, and may even vary with a 
fixed construction, and when referred to in the 
following discussion, is to be understood as only 
approximate. 

Referring back to the contact arrangement as 
shown in Fig. 10, where a contact change occurs 
only upon 90° of can novement, by starting from 
standstill under the point b, for example, 3ig. 11, 
With the rotor field adjusted to be vertically up 
Ward, the Rotor can travel 45' efore it reaches 
the point c, at which point the stator field begins 
to rotate, due to a contact chaiage, Acordingly, 
in this case, under operating conditions there 
Would be a lead of 45 of the stator rotating field 
ahead of the rotor field, instead of the lead of 
67% which occurs in connection with the motor 
having a contact arrangement as illustrated in 
Fig. 14. 
In Fig. 18 has been illustrated in a wholly dia 

grammatic manner, the movement of the control 
can with reference to the Inovable contacts 
and 2, under the influences of the three different 
forms of governing means described in detail 
above. 

Starting with the cam in its initial biased posi 
tion and before the centrifugal governor has 
Inoved away from the shaft, the can is repre 
Sented at 4 together with its relation to the 
Anovable Contact, fingers G and 2. 
Under the influence of the governor the slid 

ing form of can moves from its initial position 
to the position 63, (dash line) or in other words, 
it sides along the shaft d, to move the contacts 
and 2 away from the front contact ingers 34 

and 85, and toward the oack contact, fingers 36 
and 32. Thus the back contacts are first pro 
gressively closed for a longer and longer time, 
and the front contacts a shorter and shorter 
title; then the front contacts are never closed, 
While the back contacts are opened for shorter 
and shorter periods of time until ultimately, as 
8, initing condition, the back contacts are closed 
throughout 360° of can travel. 

In the tilting form of can, under the influence 
of the governo, the slope decreases while lower 
ing the high point and raising the low point of 
the can, to thereby assume a position such as 
69, as indicated by dotted lines. From this it 
can ce Seen that the governing means operates 
to cause 2, greater and greater amount of travel 
of the movable contacts in open positions, and 
less in closed positions, until finally, as a limiting 
condition, the slope becomes so slight that the 
total Knovernent of the novaole contacts is not 
sufficient to close any contacts. 

Considering how the form of governor where 
in the can is rotated on the shaft, upon the speed 
increasing, and the governor operating, the can 
is turned on the shaft without changing its 
Slope or axial position with respect to the con 
tacts. This has been represented as cam 31, 
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it can be seen that the angular relationship be 
tween the rotor field and the stator field has been 
changed in a manner to decrease the torque as 
the speed increases, as will be explained more 
fully below. 
Taking up now the varying Operation of the 

various governing means So far as it can be as 
certained and understood at the present time, 
the rotatable governing means as shown in Figs. 
8 and 9, will first be considered. This type of 
governing means is not the preferred form, but 
is considered first since the explanation of the 
various governing means would appear to be 
simplified thereby. 

In this form of governor, as shown in FigS. 8 
and 9, as the speed of rotation of the shaft in 
creases, a point is reached when the centrifugal 
force is sufficient to overcome the force of the 
spring 74, and the centrifugal governor 72 turns 
on its pivot pin 73, away from the shaft 0 and 

This results in 
shifting the position of the rotor field with re 
spect to the stator field, and since these two fields 
in the absence of governor action are spaced 
about 67%, to give substantially maximum 
torque with a given field intensity, a movement 
in either direction away from this angle operates 
to decrease the torque at substantially the same 
rate. Accordingly, although the governor always 
causes the cam to rotate in the same direction, 
regardless of the direction in which the notor 
is running, the governing effect is substantially 
the sane. 

In the case of one direction of motor operation, 
the rotor field is shifted to cause the lead to be 
more than 67%, while with the motor running 
in the opposite direction the shift decreases the 
lead to less than 67%. Thus, at a given speed, 
the Shift is of the same amount in either direc 
tion and the governing effect is substantially the 
same, and this has been borne out in practice in 
the case of an actual motor constructed and op 
erated as described above. 

Considering the governing action somewhat 
more specifically, and referring to Figs. 19. and 
20, and first to Fig. 19, if we consider the cam to 
be moved by the governor in a clockwise direc 
tion and that the motor is operating likewise in 
a clockwise direction, a given position of the 
stator field will occur sooner than if there had 
been no governing shift of the cam. Thus the 
stator field is shifted ahead, and the angle be 
tween the rotor, and stator fields is increased to 
be greater than 67%. In Fig. 19, the direction 
of the cam shift is indicated, and the direction 
of the rotor is indicated, both being in the same 
direction, and clockwise. There is also indicated 
by the longer solid line arrow, the rotor field, 
and by the shorter Solid line arrow the stator 
field, with the angular relationship existing 
therebetween of 67% lead, prior to any govern 
ing action. Upon the governor operating, the 
angle of lead is increased, as indicated by the 
new position assumed by the rotor field and in 
dicated by the dotted line arrow, with the result 
ing angle of lead becoming 67%--. 

Referring now to Fig. 20, the Same conventions 
have been employed, but in this case the rotor 
is operating in a counter clockwise direction, that 
is, it is operating against the direction of rota 
tion of the can when the governor throws out 
from the shaft. In this case, the lead of 67% 
is decreased an amount depending upon the 
speed, to become a lead of 67%-. 

It can be seen from the above, that the rotat 

7 
able form of governing cam operates in a like 
Inanner regardless of the direction of rotation 
of the motor, to govern the speed, and the above 
theoretical considerations have been borne out 
in practice. Accordingly, with the various parts 
as illustrated and described above, the angle of 
lead which gives substantially maximum torque 
is necessarily the 67A, which will exist during 
operation and before governing action, with the 
parts positioned at standstill as described above, 
that is, with the rotor field 90° behind the stator 
field, whereby to give similar self-starting char 
acteristics for both normal and reverse operation 
of the notor. 

Referring to Fig. 18, the manner in which the 
rotatable can changes its position, is indicated 
by the dot and dash can representation 781, the 
slope and the lengthwise position of the cam on 
the shaft remaining unchanged, but the high 
point of the can being shifted relatively to the 
movable contacts. 
Coning now to the tilting form of governing 

cam, Such as illustrated in Figs. 6 and 7, it can 
be seen that as the speed increases, the governor 
6 rotates on its axis 62, to swing away from the 
Shaft 0, whereby to lower the high point and 
raise the lower point of the can, to gradually de 
crease the slope of the can toward a position 
wherein the can face is at right angles to the 
axis of the shaft. This can be readily seen from 
a consideration of Fig. 18, wherein the dotted 
line representation of cam 44 is indicated at 591. 
as having considerably decreased its slope. If 
the Speed should continue to increase the slope 
would continue to decrease until ultimately the 
slope would be insufficient to move the movable 
contacts, through one complete rotation of the 
can, the distance between the front and back 
contacts, at which time no contacts would be 
closed at any time, and there would be no stator 
field and hence no drive torque whatsoever. 

It can be appreciated that as the cam loses 
more and more of its slope, a greater portion of 
the can movement in each rotation is required 
to move the movable contacts through the Space 
between the front and back contacts and as a 
result a lesser distance of cam travel occurs dur 
ing the time each contact is closed. In other 
Words, each contact is closed later and opened 
earlier, and this increases as the cam flattens out 
more and more upon increased speed. Since the 
peak of the flux curve of the stator rotating field 
must occur at the point where a contact opens, 
and since the contact opens earlier, the rotating 
field will be shifted backward toward the stator 
field to thereby decrease the lead below 674. 
Fron the above considerations it can be seen 

that with this form of governing means, as the 
governor operates further and further, the curves 
representing the stator fields become shorter in 
duration when expressed as a percentage of a 
complete rotation of the shaft, and accordingly, 
the peaks become lower, and also the peaks are 
shifted to cause the fields to have a less advan 
tageous lead with respect to the rotor field. As 
the can continues to govern, a contact will be 
closed such a short time that the field which 
has built up will completely collapse before an 
other field starts to build up and accordingly, 
during portions of the rotation of the shaft, there 
will occur places where no field exists, with these 
portions occurring between the ever shortening 
and lowering fields. Accordingly, the drive torque 
is decreased more and more and at the points 
where no field exists, there is no torque and so 
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the rotor will coast and merely move under its 
own momentum, the action being first a drive 
and then no drive, and then a drive and then no 
drive, etc., with the coasting periods increasing 
in length until ultimately no field exists at all 
because no contacts are closed, and accordingly, 
no drive exists. The governing action of this tilting form of 
cam is represented diagrammatically in Fig. 21, 
wherein an attempt has been made to show how 
the rotating stator field changes as the Speed 
increases and the governing effect becomes great 
er and greater, 

In Fig. 21 is represented the two stator fields, 
which approximate a sine curve at the beginning, 
and below this representation is a plurality of 
arrows indicating the direction of the resulting 
field at various points of the cycle, the arrow 
having its notch end starting at the point in the 
cycle where the indicated direction of field first 
existS. With the above explanation, an inspection of 
Fig. 21 shows that the first cycle is represented 
without any governing effect superimposed there 
on while for the succeeding several cycles, 
(slightly less than three) the governing effect 
is taking greater and greater hold. Keeping in 
mind that the peak of the cuarve must occur 
at the point of a contact opening and that in 
this form, as the speed increases, the contacts 
open earlier and earlier, the curves can be ob 
tained by bringing the peaks closer and closer to 
the beginning of the cycle, as the speed increases. 

. From the curves represented in Fig. 21, it 
appears clear that the torque is decreased due 
to the loops becoming shorter and lower, and also 
due to the fact that the rotating field varies its 
rate of movement at different portions of each 
complete rotation, thereby changing the optimum 
lead of 67%, to a less advantageous lead of Some 
thing either greater or lesser than the optimum. 
At first the loops merely become shorter and 

lower, then there are places where only one field 
exists whereby the resultant field does not ro 
tate, and then places where neither of the two 
component fields exists, which means that there 
is no resultant and the rotor must coast under its 
own momentum. Finally, if the conditions are 
such that the speed continues to increase, the 
governor operates until the periods of no field 
overlap at which time all contacts are open &nd 
no drive torque remains. 
Considering the portion of Fig. 21 involving the 

direction arrows, it can be seen that the first 
cycle represented, without governing action, pre 
sents a uniformly rotating stator field. In the 
second cycle, a uniformly rotating stator field 
occurs during three quarters of the cycle, while 
during the fourth quarter the field rotates twice 
its usual speed for half of the distance and then 
stays stationary for the remainder of this quarter 
cycle. 

Considering the next cycle, it can be seen that 
the field rotates rapidly for one-half of the first 
quarter and then is stationary for the second half 
of this quarter, then jumps at the beginning of 
the second quarter and stays stationary during 
that quarter of a cycle, then jumps at the begin 
ning of the third quarter cycle to stay stationary 
half of that quarter cycle and then to disappear 
for the remainder of that quarter cycle, and to 
do likewise for the last quarter cycle. 
Considering the next cycle, it can be seen that 

for a short period of the first quarter cycle the 
fleld is vertically upward and for the remainder 
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there is no field, for the Second quarter. cycle 
the field is to the right a still shorter propor 
tion of the quarter cycle, with no field existing 
during the remaining portion of this quarter 
cycle, etc., until all of the stator field disappears 
if the governing action continues that far. 

In the above consideration, it should be real 
ized that the curves referred to are schematic 
representations of what is believed the governor 
can produces in the motor, and that the actual 
Operation may be somewhat different, although 
it cannot be ascertained at this time. Further 
more, it should be realized that the govern 
ing action would very likely proceed much more 
gradually than is indicated in these curves. 

Referring now to the form of cam governor 
shown in detail in Figs. 4 and 5, as explained 
above, this type of cam slides along the shaft 
Without changing its angular position or its slope, 
and hence upon sufficient increase in speed, it 
Will move to assurae various positions such, for 
e:Karnple, as the dashed line representation of 
car designated as 48, in Fig. 18. The ultimate 
position of this type of can, if the speed increases 
sufficiently, is that where it has moved back 
Ward away froEn the pushers, under the infiuence 
of the downwardly biased movable contact fin 
gers and 2, to such an extent that the mov 
able contacts constantly make up on their back 
points, and the highest point of the cam is too 
low to open these oacle points throughout the 
complete rotation of the cam. In the ultimate 
position, with both back points closed, a steady 
field is produced which is in the center of the 
fourth quadrant, considering clockwise rotation. 
It can be seen from 3igs. 14 and 15 that the 
two waves that are produced by the two back con 
tacts being closed, are the solid line curve above 
the base line, and the dotted line curve below 
the base line, and that these produce fields re 
Spectively vertically upward, and horizontally to 
the left, the resultant of these two fields, of 
course, being at the center of the fourth quad 
rant, as stated above. 
As the cam of this form slides on the shaft, 

the back points are closed during a longer and 
longer period of cam travel, and the front points 
are closed progressively shorter periods of cam 
Eye, as the can approaches the ultimate posi 
0. 

can moves along the shaft, the front points close 
later and open earlier, while the back points 
close earlier and open later, and of course, the 
field becomes stronger when produced by the 
back points, since there is a greater amount of it: 
time for the field to build up to a higher point, 
and, conversely, the other fields become weaker. 
As the can moves along the shaft there will 

occur a period when the front points are not 
closed, while the back points are closed and 
opened, the cam during its rotation opening a 
back point and then causing the movable con 
tacts to travel toward a front point, but before 
reaching such front point, the cam will cause a 
return travel towards the back point again. 

In a manner similar to what is shown in Fig. 
21, with regard to the tilting cam, there is 
shown in Fig. 22, a diagrammatic representation 
of what is understood to approximate the vary 
ing conditions of the stator field as the sliding 
Cam is governed upon increasing speed. 

Both in connection with this Fig. 22 and also 
Fig. 21, the representation is that of a motor 

To state it somewhat differently, as the 
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is, one in which the open contact travel is 45° 
and the closed contact travel is 135, 
In Fig. 22, for the sake of simplicity, it has 

been assumed that the flux builds up and decays 
at the same rate, while in Fig. 15 it was assumed 
that the flux decays at a somewhat faster rate 
than it builds up. 
From the diagrammatic representation of Fig. 

22, it can be seen that the upper solid line loops 
and the lower dotted line loops become higher 
and longer and the upper dotted line loops and 
the lower solid line loops become lower and short 
er, for each cycle, as speed increases, whereby 
to give resulting curves as shown in Fig. 22. 
The representation below the series of curves, by 
means of short arrows, represent the direction of 
the resulting stator field at various points of 
each cycle, or, what is the same, at various 
points of each complete rotation of the motor 
shaft. 

Considering the representation by short ar 
rows, it can be seen that in the first cycle rep 
resented, wherein no governing action is con 
sidered to be taking effect, the stator field rotates 
at a uniform rate. 
In the next cycle, the rotating field, in the 

third quarter of the cycle, which is in a north 
east direction, collapses to zero and reverses to 
a South-west direction. 
Considering the next complete cycle, it can be 

seen that starting from a west direction, the 
rotation is to a short distance beyond north and 
then back again to west, then towards he south 
a short distance and back again to the west. 
During the next complete cycle, the rotation 

is substantially the same as just described ex 
cept more time is spent in the fourth quadrant. 
During the next complete cycle, the stator field 

does not leave the fourth quadrant at all, and 
Spends most of its time at the halfway point 
of that quadrant. 

Finally, considering the next two cycles, it 
can be seen that the stator field merely oscillates 
to one side and then to the other, of the cen 
tral portion of the fourth quadrant, and gradual 
ly decreases its oscillation until it stays fixed at 
the central part of the fourth quadrant, or, as 
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can be conveniently stated, in a north-west di 
rection. 

It should be remembered, that while the motor 
is increasing its speed, the rotor is moving at a 
substantially uniform rate throughout any short 
distance of travel and hence is moving at sub 
stantially uniform speed for any complete rota 
tion of the shaft, and hence for any complete 
cycle of the rotating stator field. Since the sta 
tor field moves at various rates, staying longer in 
the fourth quadrant, at times reversing itself and 
being stronger in the fourth quadrant and weak 
er in the other quadrants and particularly weak 
in the second, the rotor moving at substantially 
constant speed over any short distance of travel 
is changing its angle of lag from the optimum 
one of substantially 67%, and at times is even 
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cutting past the field to thereby receive a drive 
torque in the direction the reverse of its move 
ment. 
Thus, in this form of governing means, the 

drive torque progressively decreases until, if the 
action continues far enough, there is a fixed 
stator field which acts as a brake on the rotor 
as it cuts through it. In practice, it has been 
found that this form of governor operates most 
satisfactorily, and maintains the speed practically 
constant over large variations of voltage, and 
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load, or both. It is believed that in this form, 
the stationary stator field may occur, and that the 
rotor under such conditions cannot cut past this 
stationary stator field to any great amount but is, 
in effect, locked against movement away from 
this field whereby the stationary field occurring 
from time to time acts as a definite and sharp 
Snubbing or braking device which locks the rotor 
to it and thus effects the governing action. 
While motors in accordance with the above 

disclosures can be employed in various capacities 
and under various conditions, experiments car 
ried on Over a considerable period of time have 
shown that a motor constructed in accordance 
with this invention and governed by the sliding 
can type of governor, Operates over a voltage 
range of from 4 to 12 volts, to have a substan 
tially constant speed of about 450 R. P. M., the 
variations from this speed being only two or three 
percent. The centrifugal governor can be vari 
Ously adjusted, by adjusting the tension of the 
Spring which holds it against the shaft to there 
by realize various governing actions. In some 
cases, the spring is so adjusted that the centrif 
ugal force does not become great enough to over 
come the trapped tension in the spring, until after 
the Speed has reached about 200 R. P. M. When 
the motor is running at its constant speed of 
about 450R. P. M., the governor, both in the case 
of the sliding type of cam and also in the other 
two types, is positioned in some intermediate posi 
tion between its two extreme positions. Under 
these conditions, an increase of speed due to 
increased voltage or decreased load, or to any 
other cause, causes the governor to throw out 
further from the shaft and thus decrease the 
drive torque. Conversely, upon a decrease of 
Speed due to decreased voltage or increased load, 
or both, the governor moves inwardly toward the 
shaft to thus increase the drive torque. 

It should be kept in mind that the above dis 
closure of several forms of this invention has been 
given merely for the purpose of explaining the 
construction and known operation of the motor, 
and has not attempted to give the exact propor 
tions and adjustments which may be found to be 
most advantageous in practice, as time pro 
gresses. It is of course within the province of 
this invention to vary the contact spacing, the 
slope of the cam, the proportions of the centrif 
ugal governor and the biasing springs employed, 
and the proportions of the rotor and the stator 
and magnetic structure and windings so as to 
vary the various electrical characteristics, so long 
as the essential features of the motor, as pointed 
Out above, and the Operating characteristics, as 
pointed out above, insofar as they are now under 
stood, are not violated. 
The above rather specific description of several 

forms which the present invention can assume, 
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60 has been given solely for the purpose of example, 
and is not intended, in any manner whatsoever, 
in a limiting sense. It is to be understood that 
this application contemplates covering all such 
modifications and variations as may appear desir 
able, so long as they fall within the Scope of the 
appended claims. 

Having described my invention, I now claim: 
1. In a direct current motor, in combination, 

a rotatable shaft, a rotor fixed to the shaft and 
magnetized in a given direction, a multi-polar 
stator having its poles distributed around the 
rotor, windings on the stator poles, contacts con 
trolling the energization of the winnings with 
direct current, and a control can on the shaft 
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1 O 
positioned to operate the contacts as the shaft 
turns so as to produce a driving rotating field 
in the stator to react with the rotor field and 
cause the motor to operate. 

2. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to 
the shaft and permanently magnetized in a given 
direction, a four pole stator having its poles 
distributed around the rotor in quadrature, a 
winding on each of the stator poles, contacts con 
trolling the energization of the windings with 
direct current, and a control can on the shaft 
positioned to operate the contacts as the shaft 
turns so as to produce a driving rotating field in 
the stator to react with the rotor field, the Con 
tacts being controlled so that at every position 
of the rotor there is a resultant stator field angul 
larly spaced from the rotor field by a substantial 
angle, whereby to make the motor self-starting, 
and reversible. , 

3. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to the 
shaft and magnetized in a fixed direction, a 
stator including a magnetic yoke carrying four 
projectiong pole cores with their free ends posi 
tioned to inclose the rotor and spaced in quad 
rature, a winding on each pole, core, a plurality 
of contacts for controlling the energization of 
the windings by direct current to cause each wind 
ing, in turn, to produce flux in its pole in the 
same direction with reference to the rotor, and 
a control member driven by the shaft and posi 
tioned to control the contacts. 

4. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to the 
shaft and magnetized in a fixed direction, a 
stator including a magnetic yoke carrying four 
projecting pole cores with their free ends posi 
tioned to inclose the rotor and spaced in quadra 
ture, a winding on each pole core, the windings 
on the two pairs of opposite cores being connected 
in series, a source of direct current connected 
across each pair of windings, a movable contact 
for each pair of windings movable to shunt out 
one or the other, or neither, of its windings, a 
pusher for operating each contact and extending 
substantially parallel with the shaft, and a con 
trol member on the shaft having a flat face tilted 
to the axis of the shaft and bearing against One 
end of each pusher, for controlling Said movable 
contacts as the shaft turns, so that each contact 
shunts out first one and then the other of its 
windings with a period in between when neither is 
shunted out, the two windings of each pair being 
connected to produce opposing mmf.'s whereby 
to produce a driving rotating stator fleld. 

5. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to 
the shaft and magnetized in a fixed direction, 
a stator including a magnetic yoke carrying four 
projecting pole cores with their free ends posi 

...tioned to inclose the rotor and spaced in quad 
rature, a winding on each pole core, the windings 
on the two pairs of opposite cores being con 
nected in series, a source of direct current con 
nected across each pair of windings, a movable 
contact for each pair of windings movable to 
shunt out one or the other, or neither, of its 
windings, a pusher for operating each contact 
and extending substantially parallel with the 
shaft, a control means on the shaft having a 
flat face, tilted to the axis of the shaft, and 
bearing against one end of each pusher, for con 
trolling said movable contacts as the shaft turns, 
So that each contact shunts out first one and 
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then the other of its windings with a period in 
between when neither is shunted, the two wind 
ings of each pair being connected to produce 
opposing mm.f.'s, whereby to produce a driv 
ing rotating stator field, the two pushers being 
Spaced On the control means face by an angle 
of substantially 90°, the contacts and control 
means being positioned so that each contact 
shunts one of its windings before the other con 
tact opens the shunt across one of its windings. 

6. In a direct current motor, in combination, 
a rotatable shaft, a rotor fixed to the shaft and 
magnetized in a fixed direction, a stator includ 
ing a magnetic yoke carrying four projecting pole 
Cores with their free ends positioned to inclose 
the rotor and spaced in quadrature, a winding 
On each core, the Windings on the two pairs of 
Opposite cores being connected in series, a source 
of direct current connected across each pair of 
windings, a movable contact for each pair of 
windings movable to shunt out either of its wind 
ings or neither of them, a control member on 
the shaft for controlling said novable contacts 
as the shaft turns so that each contact shunts 
Out first one and then the other of its windings 
with a period in between when neither is shunted, 
the two windings of each pair being connected 
in opposition, whereby to produce a driving ro 
tating stator field, and a contact saving resist 
ance Connected across each movable contact and 
one winding of its pair of windings. 

7. In a direct current motor, in combination, 
a rotatable shaft, a rotor fixed to the shaft and 
magnetized in a given direction, a multi-polar 
stator having its poles distributed around the 
rotor, windings on the stator poles, contacts con 
trolling the energization of the windings with 
direct current, a control means on the shaft 
positioned to operate the contacts as the shaft 
turns So as to produce a driving rotating field 
in the stator to react with the rotor field, a cent trifugal governor responsive to turning of the 
shaft and movable to change the relationship of 
the control means to the contacts so as to pro 
gressively decrease the drive torque between the 
rotor and stator fields as the speed increases. 

8. In a direct current motor, in combination, 
a rotatable shaft, a rotor fixed to the shaft and magnetized in a given direction, a multi-polar 
stator having its poles distributed around the 
rotor, windings on the stator poles, contacts con 
trolling the energization of the windings with 
direct current, a control means on the shaft posi 
tioned to operate the contacts as the shaft turns 
So as to produce a driving rotating field in the 
stator to react with the rotor field, a centrifugal 
governor controlled by the shaft and movable 
to change the relationship of the control means 
to the contacts so as to decrease the drive torque 
between the rotor and stator fields as the speed 
increases, and adjustable elastic means opposing 
the governor movement under the influence of 
Centrifugal force. 

9. In a reversible direct current motor, in 
combination, a rotatable shaft, a magnetized 
rotor on the shaft, a multi-polar stator surround 
ing the rotor, energizing windings on the stator, 
a source of direct current, contacts controlling 
the energization of the windings from the direct 
current source, a control means on the shaft for 
operating the contacts to produce a rotating field 
in the stator, and a centrifugal governor respon 
sive to rotation of the shaft to move the control 
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the stator field on the rotor by varying the phase winding on each core, the windings on the two angle between the two fields. 

10. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to 
the shaft and magnetized in a fixed direction, a 
stator including a magnetic yoke carrying four 
projecting pole cores with their free ends posi 
tioned to inclose the rotor and spaced in quad 
rature, a winding on each pole core, the windings 
on the two pairs of opposite cores being connected 
in series, a source of direct current connected 
across each pair of windings, a movable contact 
for each pair of windings each movable to shunt 
out either of its windings or neither of them, a 
pusher for operating each contact and extending 
substantially parallel with the shaft, a control 
cam on the shaft having a flat face tilted to the 
longitudinal axis of the shaft and bearing against 
One end of each pusher for controlling said mov 
able contacts as the shaft, turns, so that each 
contact shunts out first one, and then the other, 
of its windings, with a period in between when 
neither is shunted, the two windings of each pair 
being connected to produce opposing mm.f.'s, 
whereby to produce a driving rotating stator field, 
and a centrifugal governor controlled by the 
shaft and connected to cause the control cam 
to slide along the shaft to increase the duration 
of shunting of one winding of each pair, and 
decrease the duration of shunting of the other 
winding of each pair, whereby to approach the 
condition of a fixed stator field as the motor speed 
increaseS. 

11. In a reversible direct current motor, in com 
bination, a rotatable shaft, a magnetized rotor 
on the shaft, a multipolar stator surrounding 
the rotor, energizing windings on the stator, a 
source of direct current, contacts controlling the 
energization of the windings from the direct cur 
rent source, a controller. On the shaft for Operat 
ing the contacts to produce a rotating field in the 
stator, a centrifugal governor responsive to ro 
tation of the shaft, means connecting the gover 
nor to the controller to move the controller on 
the shaft, to cause the stator rotating field to 
rotate more and more slowly through one por 
tion of its cycle of rotation to approach the con 
dition of a stationary field as the speed of the 
shaft increases. 

12. In a reversible direct current, motor, in 
combination, a rotatable shaft, a magnetized ro 
tor on the shaft, a multi-polar stator surround 
ing the rotor, energizing windings on the stator, 
a source of direct current, contacts controlling 
the energization of the windings from the direct 
current source, a controller on the shaft for op 
erating the contacts to produce a rotating field 
in the stator, a centrifugal governor responsive 
to rotation of the shaft, means connecting the 
governor to the controller to slide the controller 
axially along the shaft while restrained against 
tilting or rotation on the shaft, to progressively 
make certain stator poles effective for a longer 
time, and others effective for a shorter time, 
in producing field fiux, and thus cause the stator 
rotating field to rotate more and more slowly 
through One portion of its cycle of rotation, to ap 
proach a stationary field as the speed of the 
motor increases. 

13. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to the 
shaft and magnetized in a fixed direction, a stator 
including a magnetic yoke carrying four pro 
jecting pole cores with their free ends positioned 
to inclose the rotor and spaced in quadrature, a 

pairs of opposite cores being connected in Series, 
a source of direct current connected across each 
pair of windings, a movable contact for each pair 
of windings and each movable to shunt out either 
of its windings or neither of them, a pusher for 
Operating each contact and extending Substan 
tially parallel with the shaft. a control means. On 
the shaft having a face tilted to the axis of the 
shaft and bearing against one end of each pusher 
for controlling said movable contacts as the 
shaft turns so that each contact shunts out first 
One and then the other of its windings with a 
period in between when neither is shunted, the 
two windings of each pair being connected to 
oppose each other when energized, whereby to 
produce a driving rotating stator field, a cen 
trifugal governor driven by the shaft and con 
nected to tilt the control means so as to increase 
its angle to the shaft as the motor speed in 
creases whereby to progressively decrease the 
duration of the shunting periods of all of the 
windings to the same extent and so decrease the 
drive torque as the speed of the shaft increases. 

14. In a reversible direct current motor, in 
combination, a rotatable shaft, a magnetized ro 
tor on the shaft, a multi-polar stator surrounding 
the rotor, energizing windings on the stator, a 
source of direct current, contacts controlling the 
energization of the windings from the direct cur 
rent Source, a control means on the shaft for op 
erating the contacts to produce a rotating field 
in the stator, a centrifugal governor pinned to the 
shaft and operatively connected to the control 
means to respond to rotation of the shaft to move 
the control means so as to vary the control of 
the stator windings and make all of the windings 
progressively less effective to produce flux. to 
approach the condition where no field exists in 
the stator. 

15. In a reversible direct current motor, in 
combination, a rotatable shaft, a magnetized ro 
tor on the shaft, a multi-polar stator surround 
ing the rotor, energizing windings on the stator, 
a Source of direct current, contacts controlling 
the energization of the windings from the direct 
current Source, a control means on the shaft 
for Operating the contacts to produce a rotating 
field in the stator, a governor pinned to the 
shaft, and movable outwardly from the shaft as 
the speed of the shaft increases, a flat face on the 
control means for operating the contacts, means 
pivoting the control means to the shaft. a con 
nection between the governor and the control 
means, means biasing the control means to a 
position where its face is at an angle to the axis 
of the shaft, movement of the governor, upon 
increase of Speed of the shaft, changing the tilt 
of the face of the control means to make all of 
the windings on the stator progressively less ef 
fective in producing flux, to approach a condition 
of no stator fields as the speed of rotation of the 
shaft increases. 

16. In a direct current motor, in combination, 
a rotatable shaft, a disc shaped rotor fixed to 
the shaft and magnetized in a fixed direction, a 
stator including a magnetic yoke carrying four 
projecting pole cores with their free ends posi 
tioned to inclose the rotor and Spaced in quad 
rature, a winding on each core, the windings on 
the two pairs of opposite cores being connected 
in series, a source of direct current connected 
across, each pair of windings, a movable contact 
for each pair of windings movable to shunt out 
either of its windings or neither of them, a 
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pusher for operating each contact and extending 
Substantially parallel with the shaft, a control 
member on the shaft having a flat face tilted 
to the longitudinal axis of the shaft and bear 
ing against One end of each pusher for con 
trolling said movable contacts as the shaft turns 
So that each contact shunts out first One, and 
then the other, of its windings, with a period in 
between when neither is shunted, the two wind 
ings of each pair being connected to produce 
Opposing mm.f.'s, whereby to produce a driv 
ing rotating stator field, and a centrifugal gov 
ernor driven by the shaft and connected to ro 
tate the control member on the shaft as the speed 
of rotation of the shaft increases, whereby to 
decrease the drive torque by changing the phase 
angle between the rotor and stator fields to a 
progressively less advantageous one. 

17. In a reversible direct current notor, in com 
bination, a rotatable shaft, a magnetized rotor 
On the shaft, a multi-polar stator surrounding the 
rotor, energizing windings on the stator, a source 
of direct current, contacts controlling the ener 
gization of the windings from the direct current 
Source, a controller on the shaft With a flat face, 
against which the contacts bear and rub as the 
controller turns, for Operating the contacts to 
produce a rotating field in the stator, a centrif 
ugal governor responsive to rotation of the shaft 
to turn the controller on the shaft and thereby 
reduce the drive torque of the stator field on the 
rotor by varying the phase angle between the 
two fields, the controller being moved by the 
governor always in the same direction regardless 
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of the direction of operation of the motor, and 
means for equalizing the average friction be 
tween the contacts and the controller for for 
ward and backward motor operation, whereby 
to give like speed characteristics regardless of 
the direction of operation of the motor. 

18. In a reversible direct current motor, in 
combination, a rotatable shaft, a magnetized 
rotor on the shaft, a multi-polar stator surround 
ing the rotor, energizing windings on the Stator, 
a source of direct current, contacts controlling 
the energization of the windings from the direct 
current source, a controller on the shaft with a 
flat face, against which the contacts bear and 
rub as the controller turns, for operating the 
contacts to produce a rotating field in the stator, 
a centrifugal governor responsive to rotation of 
the shaft to turn the controller on the shaft and 
thereby reduce the drive torque of the stator field 
on the rotor by varying the phase angle between 
the two fields, the controller being moved by the 
governor always in the same direction regardless 
of the direction of operation of the motor, and 
means comprising a flat plate, mounted on the 
shaft and positioned between the contacts and 
the controller face, restrained to rotate with the 
shaft but tiltable to always parallel the face of 
the controller, for equalizing the average fric 
tion between the contacts and the controller for 
forward and backward motor operation, whereby 
to give like speed characteristics regardless of 
the direction of operation of the motor. 
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